US-11123 cpct i; 



SYNTHESIS OF DIAMOND 



Inventor(s): 
Applicant(s): 



Publication number: 



Publication date: 



JP61 72089 (A) 
1994-06-21 

CHIKUNO TAKASHI; IMAI TAKAHIRO; FUJIMORI NAOHARU + 
SUMITOMO ELECTRIC INDUSTRIES + 



Classification: 

- international: C30B25/02; C30B25/18; C30B29/04; C30B25/02; C30B25/18; C30B29/04; (IPC1- 

7): C30B25/02; C30B25/18; C30B29/04 

- European: 

Application number: JP1 9920327090 19921208 
Priority number(s): JP19920327090 19921208 

Abstract of JP 6172089 (A) 

PURPOSE:To provide a process for producing a thick diamond single crystal layer having high 
uniformity and quality by keeping the epitaxial growth by vapor-phase synthesis over a long period. 
CONSTITUTION:Epitaxial growth of a diamond film is carried out by using a substrate having a main 
growth plane deviated from the {100} plane by <=10 deg. and alternately repeating a process to grow a 
diamond layer of 0.1-300mum thick under a condition of A>=1.5% wherein A (=[C]/[H]) is ratio of carbon 
element to hydrogen element in vapor phase and a process to grow a diamond layer of 0.1-300mum 
thick under a condition of A<1 .5%. 



Data supplied from the espacenet database — Worldwide 



US- 11 123 cpCTi; 



(19)B*H*FIWf CJ P) (12) & §fi Ogf =^ & $B < A ) 



#^¥6- 172089 

(43)&MB ¥$6^(1994) 6 M21 B 



(51)IntCL s 

C 3 0 B 29/04 

25/02 
25/18 



R 7821 -4 G 
P 7821 -4 G 
P 9040— 4 G 
9040— 4 G 



F I 



*SE!f5»c *S# if*fl^^6(^ 6 JO 



(21)t±}fiB#^ 


^¥4-327090 


(71)tiilHA 


000002130 










(22)tiUffiB 


^4^(1992)12^ 8 B 




^mm±mm^mtmmTs 5*33^ 








mt # 








**»«wmftHHk-Te 1 # 1 h ft*: 
























^#«^»ma»^t-Tg 1 * 1 n ft* 
























£*SOTMffi»;|fc-TBl#l^ ttfe 














(74)ftSA 





(54) [ mm <7)%m ] y 4 +• * > k 



(57) 

[*ffc] ifcSj&RBM) {10 0} s^so-fn^i 

!t»<Di:t^A (A= [C] / [H] ) fcl .5%W±© 
itttO. 1 (imtt±3 0 0 /tmJWTO^'f^y HJi 
***2-fr*iefc» it^Atf 1 . 5 %*$5<9£ftT0 . 
1 p mW± 3 0 0 p mfifFO^+tV FJf ^J&SStf 

3 C 5<> 



1 

mm^mu<D u ooi ssfcii d o 

0} ffi*^<D-fn*M OgJ^F^-r-fe^ScOJ:^, 

k fe^m k ?J<lS£^ty^ffifr p, £Y -V^ y F £x if £ * 

MtI*OMJgk7j<fg©^fg«<7>I:fc^A (A= [C] / 
[H] ) # 1 . 5 %W±©^ftf;:*5V^T 0 . l \l m«l 
3 0 0 \i m^T^V-V^y FJI^fiStft^-t^jig^ 
Aft 1 . 5 %*jitct3V^T 0 . 1 mJ-lh 3 0 0 n mJ-X 
TO^^yHl^S^^^iigi:, 10 
frP>&3^&3 2 aWJKDjig*^ < fe^Stc 2 0 
WJJI&iBf E F 

[&#E2] #*§ng«© {loo} iBSfcti {io 

£>K* k 5 2V - V* v F£x k° * * ^> 

= ( [C] - [0] ) / [H] ) tfl. 5%W_tO*# 
{cfei^TO.l /imW±3 0 0 nmttTO^+tVK 
*&JEK&*-£Siflgi:Btf 1. 5%*»lfcftV^T^ft< 
tfe0.1|i miX±3 0 0 fi mttTO^+ty FJB* 

[H*^3] W&&WSL<0 {10 0} iBSfett {10 
0} 0fr&4)??Ltfl 0gWF«Jt?fe5ffi©±fC^< i: 30 
feK* fc***^tr»fflfr 5> ^ > F*x tr 2 + 

SSrSS^ 110 0 °CJ^_hi: LTO.l/j mJ^± 3 0 0 
/imWTO^V-VtyFl^fi^^iiSi:, SSS 
fifcl 0 0 0°COTkLT0.1 /imJ^±3 0 0ftmJ^ 

fr5fc*g4S2«J£U:0ilg*4»S:< t^zmuM 
[fll$3 4 ] JWSftSS^^+tv ft? c fc * 

WF^fctftil*! K 2 $ fctt 3 KOKO^-VtV F 



W M¥ 6-1 72089 

2 

©-&^o5^o^"fn^o**gjn?fes, 11*11, 2 

[fgHJf©l$ffl&MHJi] 
[0 0 0 1] 

fclWU Wfcttfittlft, WPIJI, m^m 

[0 0 0 2] 

Wftjrfciai^nsiBtt, ^sn^v-^^ f^s 
sox tr * * s> * ;i/jSfio*fr #l*tf s nr* 0 , 2 6 

[0003] PJttyVfffl&f&Kis^x 
xtf**$/^;K&g&c «t !? F*g*Stf jSg 

[0004] b^bft*^, ^SA^JttyfcotiT. fek 

t>€>, «Sffi±T©2^Wa««^ ^Sfcfi {1 1 

1} ^®JftSfcJ:3fc©*W5ft3. 

[0 0 0 5] xt!^*i/+;l/figgk:*^5S»«g«*Il 

sjf s^ibfciins-pfc {100} ffi±tctbKWiSv^ 

tfWBB¥2-2 3 3 5 9 1) LfrL&tfS, 
KJRWS©H</**fr"?2 0 fimaJicOlP^xt: 0 ^^^^ 

y Km*gStiS»TiSflli^*afcfefc, ^-^t^ F© 
*ti tf * * s/- 1 J; o t t SKo*S!*i6ft^ -V^e 

[0006] »«^«t«fc D^iSaoiLfiift^^y 



3 

c h tc «fe t) jmmvms&zm*. st^&tD 

&r*S«£:LT«, ctiST-5i73B B B Sfl:ij* (cB 

n) , mmm, mm. =.v>nw 3/wh-&zim& 

2ftTl>3 (#^BS6 3-2 2 4 2 2 5, «fM¥2-2 
3 3 5 9 1, # H¥ 4- 1 3 2 6 8 7) „ 10 
[0 0 0 7] LfrLfctfEu -y^vUfo/WMco^ 
T tiStf© 2V y F x tr 2 * S/ + ;W&B-T § fe © 

d > v^-r nossi? t *ti tr *4^>-t*£ c § now 

[0 0 0 8] ^01^**^^41^ 

gfcS"cJ<SW5T?$* 0 Wa.fcW-f-tt^FOflte*: 20 
«» BEE-a-riEffifc J;«mm*-^o^-)rty F**S 

t^K^fSSa (1WP3-0 7 5 2 9 8) , Bgfefc 
LTfflV^ft3<fc5&$Cl 0-1 0 0/imgacOS?^ 

>F*J*gS-SS#j* ( M.W.Geis H.I. Smith A.Argoit 
ia J.Angus G.H.M.Ma J. T. Glass J.Butler C.J.Robinso 
n R.Pryor, Appl .Phys. Lett ., Vol .58, (1991) ,p2485) ft 

[0 0 0 9] c a bfc^ffi-ptt, fiHa^iSffifc <fc t5j£S 30 

, ps£o fcasiwea^sjsfitfe^-vt^ fi © 

x^^v-t*£C3Pp^U±, l^HSfcSSnTV 

[0 0 10] ^^^F^I&iflOft^xi;*:*-^*/!/ 40 
^tc#^.5.ti5 0 wmfpsf^yY {1 0 0} ffi±o 

©#<&*ifii^fcsiirft«* (02^co3) tm&ztiit 

*<r>®.Wfim$$>{t>P< 1 0 0>f(ift«toT 

[ooii] febt.*©s«a«w<D*fiias^ < 1 

0 0>O«SjSa*±®««^fCtt, 0 2fC^"tcfc?{C 50 



6- 1 7 2 0 8 9 

4 

ti^*sjMtojBffr*isHfca*. {ioo}©$fi 
iis^hb«iWiiv^fr ( (loo} mfa&ftmt) ? 

[0 0 12] Hftfc, CVDffifc«k»)«ftLfc*B*s 

cd< i o oxD^mmmmismctt^xm^m^ 

trc, xtr#*s/+;H«fi©tt«*<*«3tLTLS5. BP 
■5, {10 0} fitgte, ^ttyFik^+iz+M 

# eiitt©£* x tr * /mr isnm* <}; v^a« 

[0 0 13] 

»S*I!WHU Mffli^JtSfc.k^V-rtyFcQxt 0 * 

<D«ii2fffi * Ji«T S c fc * i ft i: T 5 o 
[0 0 14] 

^V^yF^xb^^>+;^g$-a:§|^t, fiStSC 
^®i:LT {10 0} ffi^ffll^ , Xt?^+i/+7l/J^S 

{100} o«fttffi#jf>-rv^ft, BP^K^i:7j<ii 

<DJ:b*A (A= [C] / [H] ) * 1 . 5 %W±*0*l^ 
T* 0 . 1 /x mJW± 3 0 0/1 mJWT<0^"V* ^ FJB*J* 

5 %*?S-c? 0 . 1 n m&Lt 3 0 0 fi m&TfcO^ 

[0015] ii<iT\ K*t7jc*©jt*{4^awajt* 

titeR©7C*«*^, B= ( [C] - [0] ) / [H] 

SSJS l l 0 0°CW±i: 1 0 0 orWTOAff*SSlc 
IS t) igT c i: t «k o T t> Pfiloas* £ 5 o 
[0 0 16] SSttJWeft^^t^FOfliU^ i* B H H 

^y^x^AcD^CO^S^, x>yy;K ^ 

So 

[0 0 17] 



(4) 

5 

% {100} mfam< l tT(Df$,&tm&w%?j j r*yv 
o c t t * s j&ft&f^jg i m tms. & 

[ooi8] si*ff"ej5Kfi*«*xt:ir4 : -^+;bJi© 

JP#ttO. 1 /im^jR-ptiSftmg^WlW'rsSli^S 10 
V vat* O.l/i mWMg-e, <fc D S L < ti 3 p mJ-X 
±T?fc5„ £l*#fc«fcoTt>2 0/im©J?;£3:T*ttT 

*j£g£-£SCfctfTt5o LfrU 2 0 /im^jgx.?, 

3 0 0 /im£ffl*3fc¥^^7^#&fcLT©1$te© 
ffiTtfftSSftS©"*? 3 0 0 fnnWT"P*5 C £tfi£g 

[0 0 19] » 1 *ftT?tt^it>©KJl6 (C) i:** 

(H) ©ft* ( [C] / [H] ) *1. 5%3mt?% 20 

as^s^Wffl-rss&n^vMO-p 1 . 5 %&L±£* 

<ft9s £<i:fcl 5%WT3bW$UilEHT-&S 0 
[0 0 2 0] (0) fcS-A/EtfXfcVHV^tlSii^ 

fcttKJRfc^©£fczk*©Ifc* ( [C] - [0] ) / 
[H] T?»&toSn*!8to«ftK*»Stfi. 5%JX± 

[0 0 2 1] fft, »2*ffT?i8ft*-&«xe*4 1 S' 
■wWP©W#tt o.i/x. m*S6-pttie^H*tiSf > rsSli 30 
£#ftl^©T*<:ftW±&g-e> i0ifSL<{4l 5|im 
«±T?fcS 0 LfrU 5 0/im£i8*.£i:M#j£BtfJI 
Sft3«fc?f;:ftt>3 0 0/im£g*5fc¥#ft-S>7^ft 
^£ LT©f#tt©ffiTflW£Sft5©T3 0 0/jmfilT 

(C) 7kf! (H) (Dtt^ ( [C] / [H] ) *1. 5% 
fiUtT BiSAtttfB < ft § ©? 1 . 5 tt%zt 
*' { iiSL< J;Dj?$L<tt0. 5~1. 5%T&§„ 

[0 0 2 2] HfH (0) ^^/cfX^fflV^tl^^ 
tH:«*fcWRoili:**OH:* ( [C] - [o] ) / 40 

[h] T-&btoi£ft%mm*mmm>n. 5%*$s 
[0023] £fc, mmmmik*mt-$-e%frt>*)icm 

1 fc#T*{±jSgli#©g«ilK£ l l 0 0*C«±i: U IS 

2 iooo vixricmtz-ez cticx<omm 

-So 

[0024] tit. m^m&i&?'( J r : e>\*wg&ts. so 



ff PJ^F 6- 1 7 2 0 8 9 

6 

K 8^*tt5©^©iiMgiS£^3Ci:tfaa:L 
[0 0 2 5] fflV^ifitt^+tV HfieitfeoT 

lo IiooL (111), {110} ©SJgftffife: 
©#M$LV\, LfrUSftffifcLTIi {10 0} StfS 

fc£?g;L<, {i oo} ^p.©-fniii ogart*ws 

t < ft S K H H^j&M&tf A U 10 ££i@x. 5 i: 
ftJS#tf£ < ft 9 iff $ L < ftv\ 
[0 0 2 6] ^**>F©*ffl^l«ffiT?H:KJfc * 

WRWfl©7C*««t& L T #V -V * > F * '>»© 
^»£SALT*V-^y F©«rtt£IW»t3 c fctf 

Ritg-e&So ft, a*, u>ftH«^v^ 

y F ©*m 3t¥fl9«rtt*«»f « fctb ©*IG8j £ L 

tt®T©Jsa t ft s ©T-x -y ^ y ? j pf8,m<Dmm*it 

mm<DMX& [N] / [C] Jt^5 0 0 ppmWTtf 
[0 0 2 7] flPHTf^+tVFftafirSlttKiMfi* 
F> Sft*«>*, Mbg*. y;l/V^2*©if£ 

3ft^M©^5 H l^fflV^^tti^* J f'7j<*T'«x>y 
f - y Wff ^nft ^©T\ 7 -y * ^JfijRft H ©^ a y y 
*#ty^HM*-ex y +y>?i£'tt 3 c: fc*^frs 0 x<y 
f-y^t»i»**n«sw©j?stt i nrnttTt-aastf 

ft < , S«Sffi©{l^^X F *^KBSfif Sfcftfc l 

0 nmW±©X'y^y^*fT-5 ci:tf«fcD#*U\ 
[0 0 2 8] *»W©^rffitt^"Vt>KfiW1>©»lfi* 

ms&^vzyvicmtz&otLTmmmtzz. 

t ©T' t § -V t > KfcSiBT? * § o 

[0029] *mmm?z>mn&fc7v-txft£m 

(OmC V D}£ % ^7XVCVD& U-if-CVDSx 

-y* > tr- Affi^v^-rn©^ffiT»s o t t> ws»t?* «. 

[0 0 3 0] 
[^SSM] 

(*flifiW l ) *HSSPtcfe^T^, aSfffiSfc «fc *) A 
{10 0} ©aKfi*5fflffl*Lfco SffilMXtt^-ftt 



(5) 

7 

t> 2 mm x 3 mm, J?&& 0 . 3 mmt*S5„ Vftl© 

[0 0 3 1] jaftttvY^Pift^XvCVDffifcJ;!) 
tfofco *JR (H 2 ) 1 0 0 s c cm, (CHi) 

1 0 s c cm, S«JS8 5 0°CT 1 OBfHJ&SS-eS 
jig (Jt¥ A = 4 . 2%) 7kil00sccm, ^ 
*>2 seem, S«fil 0 0 0°C?3 0B#Hj£S2 
■eSifig at*A=l. 0%) t*l OH, ^gf5T4 0 

oisitijSSS'frfco ^©*ss, rtft&ifcftfirjftSttji io 

fg*§« 1 3 3 2 c m ' IZ®1< ONBftK 2 c m"' ) fr-D 
3£< (S/B<signal/background>J±> 1 0 0 0) H£> 

[0 0 3 2] $fc 1 5 8 0 cm' ttiatC^ftStt-f ©7 

^*j£*£W34WMT**M?bfcfci:3, 2 3?*?© 
SfcWSiiaonyh^Xh^e^l^ftO^^yi 0 s c 

cmTM 0B#HflJ&g£-£7'cJl& 1 DJ?£ 1 2 /i m, 
SZ&ft©**^ s c cml?3 O^SfiKfi^-tir^li 20 

1 iHiaOJP^ 2 5 fimtffcSCfctffcfrofco 

[0033] (jttww i ) nmm 1 t Po*i©g«, bp 

■6®«ffiSt«fc 0 AlMJtift lb (10 0} g«£ 
5ffl*ffl^fc„ iWYXli^fnt2mmX3mm, 

l SWT? Wet *SftW?il»f fc £ t) MB b fc 0 
Y^niS^Xvc VDffifcJ;t)zK3Rl 0 0 s c cm, 
>t^Vl 0 s c cm, St5rSg8 5 0°C?4 0 0R$|Qj£ 

K©ff^i^n-F?feO (¥filrti=6 cm" ) 
W^jr^yWIStU S/Bftfct 2 . 5 

[0034] atmm 2 ) 1 1 raaoss, hp 

*fflKffiffilcj:»3AX^*nfeI b {10 0} g«£ 
Sffl^fflVfe. IS'!t-l'Xl^fftt2mmX3mm, 

i fflwTT*** c *g»«?iisf tc «fc 19 me l fc 0 v 

-Y^nMT/^XvC VD}SfCj;07k^l 0 0 s c cm, 
^^>2 s c cm, SSSfil 0 0 0°CTM 0 OBfPtM 40 

EiSfte <fc 9 £tsiWbt«ftA,"ei/'»<5 c 

[0 0 3 5] (**fl»j2) ^^MHfcfcl^Ttt* iSig 

e>X7^Xbflffgb7c&©, Rc>»©IIa§y©^V-V 
Ffr5>X^XL5fJ»bfc&©£g«i: Lrm^ 

tzo msmisfsiifi {100} osffij&^-n^nafflffl* 

bfc lS^X[±^ftlfe2mmX3mm > W-Wt 
0 .3mmfW„ V^f ftOSSfcffifrffiXMiO . 5S 
WTT?** c fc*EM*PB»rfc J; OBSKbfc,, 50 



6-1 7 2 0 8 9 

8 

[0 0 3 6] iStt^^^DS^XvCVDSfciO 
ffofco ** (HO lOOsccm, (CHO 
3 s c c m, g«Jg 1 2 0 0 °C? 2 0 Bf RMS£-tt5 

askrac^js^ssjaas 5 oic-e2 onfmnss 

£-£§iig£l 0 0, ^WP4 0 0l*|IBafiS-&feo * 

©ism, ^s«ffifcs^^fi{±Me.n-r, 5v^t 
*sx^* h;ut^-vt>Kofl#a:tt< email < 

2. 5cm')i^< (S/BJ±> 1 0 0 0) M5>n 

It, Jg 1 £#©««: 1|II^)P2 3 0/zm, |g2£fr© 
JIB 1 2 4 /infCfc^ilfctftafrofCo 

[0 0 3 7] ($113) jHK£S£fc,fcDAl£j*2 
ttfc I bS^+ ; e>F*JSa*^X7-rxLBfJgbfe 
tOSlfifcLTffl^ft, SSBDETtttf {10 0} ©g 
S^3fSffl*L/c 0 SIS^-YXtiV^-fnt 2mmx 4 m 
m, J|M0.3mmT*$«o t^f ft<DSfit>ffi£ffiX 

w* 2 gtxT?fe § c £%&.*m?®iiik. & <o mm t 
[0038] iStt^^njft^XvcvDiitit) 

ffofcc (Hi) lOOsccm, ^*>(CH.) 
1 2 s c cm, —WttfiM (COj) 2 s c cm, g}& 
MS 9 5 0 °CV 5 BtHfjaSS-eSjIg (it* B = 4 . 
0) il, zfc* (Hz) 1 0 0 s c cm, (CH.) 
8 s c cm, (COz) 5 s c cm, gflxfi 

£ 9 5 0 °C? 3 5 Bf M&5S-&«flS (it* B = 1 . 
3) §1 01, ^gp?4 0 0l^lfflj«g$«rco 

[0039] ^©^n, ^s^®ts#BKS{±m^n 

tt®J< (Wf3<2. 0cm"') fro3H< (S/BJt> 

iooo) isnft, Sfert^^rxRiRo^tt^ 

m, m2^ff(DJi« 1 Ha OP* 2 8 (irat'J&Si:^ 

[0 0 4 0] ($j6SM4) jfflKffiffitJ:»)AX^B!l« 
tifel bM^i' ; e>F¥^ H ^e.X^^XLP^Lfe 
tO*»Ei:bTfflv^o SffiSW{a^ (10 0} cdS 
2 fflffl* bfco Sffi^-T XtiV-f nt> 2 mm x 3 m 
m, ffM0.3mmt'$5„ n©SSt>ffi^ffiX* 

fco 

[0041] fiJtfitiv^^D&y^Xx'c vDffifc^t) 

ffofce 7j<H (Hz) 1 0 0 s c cm, (CHO 
6 s c c m, K«S 1 1 5 0°CT? 1 5 BfRgfiggStfS 
jiS (J±* A = 2 . 7 %) k, 7j<* (Hi ) 1 0 0 s c 
cm, (CH<) 3 s c cm, S«fi8 3 0°C 

T? 2 5 ^Bgfi*-&5jiS (it* A = 1 . 4%) «10 
@, ^g|5? 4 0 0 BJIHUSftS-efco 
[0 0 4 2] ^©fSS, fiKS^ffitS^fitiM^n 

l±§^< (^ffirU<2. 5cm"')«< (S/BJt> 



9 

1 00 0) H.6ftfco %fc7*:;l'7TXmm<D{mte-£ 
<H.e>n&frofc 0 »l*ff©Jif±lIsl^DjP*2 5/t 
nu &2£ft<DJl&l @Mit)j9£2 1 |jmT$5CJ:tf 

[0 0 4 3] 

rasa©***] *aniifc«fcntf, ^ntfjiftriifisb^a 
ran 



6) mmW- 6- 1 7 2 0 8 9 

10 

[0®<DfB»WJ§] 

[02] fie*o»j*icj:oTjafibfcji*ja*o»4L 

fctffiM. 

1 : WftfcSK 
10 2 :j£ilLfc^^yF¥fSIIJf 
3 : fl?£]£iiai^ 

[02] 



2 3 3 



